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Assignment for DH/MD

AConvene a WG supporti ng "pertead" highe v e |
energy photon detector: next generation performance in energy,
position, direction and timing measurements in a high-rate
environment. 0O

A Thus this is a view of the Project X (and pre-Project X) world through
calorimeter-colored glasses
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Experiments with calorimeters (or not)

A Muons
I m- e-conversion, g-2, n# e€e€e’, m ‘e
I improving limits as well as improving the precision of branching fraction,
conversion rate and g-2 measurements

A Kaons
i K+ - p+/7—’M|C_)_ Oﬁ
I improving limits (K, ) and/or making branching fraction measurements
(K*) (KD
A nn oscillations

All these experiments pose different design and performance
constraints on calorimeter requirements

A Efficiency, energy resolution, spatial resolution, angular resolution,
time resolution, rate capability, radiation hardness, cost
A Energy range is MeV to GeV (this is not the LHC or ILC)

| will discuss the physics objectives only in the sense of the derived requwemints
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Parallel sessions

¥ Date Duration Type Title Presenter

Sat 2012-Jun-16 11:00  0Oh10O! Introduction Prof. HITLIM, David
2012-Jun-16 1110 00Oh20° MEG Calorimeter experience and upgrade Prof. MOLZOMN, William
2012-Jun-16 11:30 00h25' mu to & gamma (converted), ece DEJONGH, Fritz
2012-Jun-16 11:55 00h25' MuZe calorimeter design and extrapolation Prof. HITLIN, David
2012-Jun-16 16:00 00h25 Mew crystal development Or. ZHU, Ren-yuan
2012-Jun-16 16:25 00h25 PbF2/SIPM beam test Or. WINTER, Peter
2012-Jun-16 17:00  00Oh30' Discussion

Mon 2012-Jun-18 08:50 00h25' Kaon experiment calorimetry requirements Dr. LITTENBERG, Laurence
2012-Jun-18 0915 00h25 ORKA calorimeter - | GATTO, Corrado
2012-Jun-18 09:40 00h25' ORKA Calorimeter - |l Dr. MAZZACANE, Anna
2012-Jun-18 10:05  00h25 KOPIO preradiator and calorimeter Dr. POBLAGUEV, Andrei
2012-Jun-18 14:.00 00h25' Teflon-based scintillator Dr. YEH, Minfang
2012-Jun-18 14:25 00h25 KTe\V Csl calorimeter WORCESTER, Elizabeth
2012-Jun-18 14:50 0010’ Calorimetry requirements for an nnbar experiment Prof. KAMYSHKOV, Yuri
2012-Jun-18 15:00 00h30' Discussion

+Wed June 20 Organization for writing of FWP document(s)




Example Power Staging Plan for the Research Program

470 700 kW** 515-1200 KW** 1200 kW 2450 kW 2450-4000 kW
_ 15 kW +0-50 KW**  0-42 KW* + 0-90 kW**  0-84 kW* 0-172kW* 3000 kW
20 kW 0-20 kW 0-20 kW* 0-172kW* 1000 kW
~8 kW 80 kW 1000 kW 1000 kW 1000 kw
0-30 kW 0-75 kW 1100 kW 1870 kW 1870 kW
(<30% df from MI) (<45% df from MI)
none 0-900 kW 0-900 kW 0-1000 kW  0-1000 kW
none 0-900 kW 0-900 kW 0-1000 kW 0-1000 kW
none 0-900 kW 0-900 kW 0-1000 kW  0-1000 kW
4 8 8 8 8
735 kW 2222 kW 4284 kW 6492 kW 11870kW




Muon experiments

A Bill Molzon reviewed the MEG experience & extrapolation

A Fritz Dejongh discussed a new idea for a next generation experiment
that converts the photon

I Measures three charged tracks
I Baseline concept does not use a calorimeter

A DH discussed MuZ2e

A Peter Winter discussed g-2




MEG status

* MEG is background limited above 1012 branching fraction largely due
to resolutions worse than proposal values

* Nonetheless, should reach a 90% CL sensitivity below 1012 with data to
be collected through ~1 year from now

* We are considering upgrades that could improve resolutions (and
hence background rejection) and that could be implemented within ~2

years and yield significantly improved sensitivity within 5 years
—Upgraded liquid xenon calorimeter — discussed here

—New drift chamber — improved energy, angle measurements

—New timing counters — improved intrinsic resolution, better match to drift chamber

—Possible active target — improved angle determination
—Muon stop rate increase by up to a factor of 3

* We plan to submit a proposal for the upgrades by the end of the year

Bill Molzon
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MEG signal and background signatures

Radiative decay background Accidental background
ur—>evvy
ur—etvv
v >
ur—>e* vvy or ete vy

- - )

e
vV

BE.:, = 180° Suppressed by
E.=E =52.8MeV * decay kinematics
= {

Suppressed by

* Timing, energy, angle
resolution

Dominates background at rates

* energy, angle resolution needed to reach 10-33

[
s
III|III|

E, rising
| linearly

Events § (L2000 MeV)
L3
X
LY
Fi
/ f |
7
Events ({04667 MeV)
s2:

Bill Molzon

@‘ﬂ‘“uw(&

v

%?ONH':“

d&u E‘N},‘I

o,



MEG Lxe calorimeter

Liguid Xenon

COBRA Magnet Scintillation Detector
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Drift Chamber

Relatively high light yield, uniform response

* No self-absorption of scintillation light: Density 2.95 glem?®
attenuation only from impurities Boiling and melting points 165 K, 161K
+ ~1000 | liguid xenon (largest LXe volume) Energy per scintillation photon 24 eV
» ~860 mesh phototubes on surface, in LXe Radiation length 277 cm
* Thin window to reduce photon conversions Decay time 42,22 45ns
* Goal is to measure photon properties: Scintillation light wave length 175 nm
— Position:  og,,c =5 mm Scintillation light absorption length > 100 cm
— Time: Ogus = 00 ps Attenuation length (Rayleigh scattering) 30 cm
— Energy: Oappe = ~900 keV at 52 MeV Bt itics 174

— Bill Molzon




MEG LXe calorimeter
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Advantages and disadvantages of an LXe calorimeter

» Advantages

— Uniform ratio of light produced to energy deposited — fluctuations in fraction of ionization
vs. light contributes to resolution at low energy if both are not measured

— No dead material in active volume

— High light yield — typically ~¥200k photo-electrons for 53 MeV photon

— Signal is fast — decay time ~50 ns

— Very long absorption length limited by impurities

— Can fit for vertex position in all dimensions — important in determining photon time at
vertex

* Disadvantages
— Lack of optical separation means pileup is not easily isolated and affects signals far away

— Relatively short scattering length means light paths can be complicated, with reflections
important to observed light distribution

— Need for cryostat reduces acceptance due to photon conversions in the cryostat wall

— Granularity of photocathode coverage on the walls complicates position and energy
reconstruction for showers near the wall

— Calibrating each photo-detector for quantum efficiency times gain is arguably more difficult
than it is for isolated detector elements

Bill Molzon
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Pileup removal

* Events with clear pileup signal are identified and handled in a variety of ways

— Events that have spatially separated showers corrected by removing secondary peak and
replacing tube energies with templates based on light in unaffected regions

— Events that have clear evidence of showers overlapping in time are fit to superposition of
pulses of known shape.

— Events that have evidence of pileup, but
without clear separation in time or space
are eliminated
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Potential calorimeter upgrades

* Limitations to performance

— Resolution for early conversions worse due mostly to granularity of photo-cathode coverage

— Resolution near edges worse due to less than optimal pointing geometry of phototubes

— Stochastic variation of resolution and absolute calibration with 3D position in calorimeter
that is not completely understood. Likely due at least in part to quantum efficiency and gain
calibration errors.

— Effects of scattering, particularly with reflections off walls, complicates energy
determination and likely contributes to resolution

* Upgrades being considered
—Replace the phototubes on front face with MPPCs (SIPMs)

* Reduce the granularity of the photo-cathode coverage
* Possibly increase the photo-cathode coverage
* Less dead space and material at the front face — increased efficiency
—Use non-reflective coating on the interior face of the cryostat to reduce reflections
* Plenty of photo-electrons, so decrease in total light yield is not a problem
» Will likely improve all of energy, timing, position resolution
—Modify phototube orientation on side walls to be in a single plane
* Reduces shadowing
—Increase active size in the Z direction
* Improves light collection and resolution

Bill Molzon |
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